Purpose: Retinal hemangioblastomas (RHs) are characteristic of von Hippel-Lindau (VHL) disease. Early diagnosis of retinal lesions may aid in systemic diagnosis. Early identification of VHL is life-saving and also prevents vision loss. Fundus fluorescein angiography (FFA) is a useful tool in the diagnosis and management of RHs. The aim of this study is to report FFA features of RH using ultra-widefield (UWF) imaging. Methods: A retrospective cross-sectional study of consecutive patients of RH who underwent UWF FFA at a tertiary eye care center. Images were analyzed and assessed by authors. The main outcome measures were (a) the number and size of RH in each eye and (b) vascular characteristics of the retina. UWF-FFA characteristics in each eye were tabulated. The number of clock hours involved by these characteristics and their correlation with the number and size of RH were analyzed. Results: The study evaluated 24 eyes of 13 patients. The mean age was 28.4 years. The median number of RHs in an eye was 3.5 (range 1-16), and the size of RHs varied from 0.1 to 4 disc diameters. Novel UWF-FFA findings noted in this study were the presence of abnormal capillary network in 22 of 24 eyes (91.7%), capillary leakage in 15 of 24 eyes (62.5%), and capillary telangiectasia in 7 of 24 eyes (29.2%). In addition, feeder arterioles and venules showed bulbous projections in 8 of 24 eyes (33.3%). Conclusion: The UWF-FFA characteristics of RH, which have not been described before, were identified. These add to our understanding of the pathogenesis of the disease and may pave the way for future therapeutic targets.
Retinal hemangioblastomas (RHs) are benign neoplasms of the eye that originate from the neurosensory retina or the optic disc. [1] Typically, these occur in the setting of von Hippel-Lindau (VHL) disease and the pathogenesis is attributed to mutations in the VHL tumor suppressor gene. [2] Loss of heterozygosity at the VHL locus leads to the production of abnormal VHL protein (pVHL), and subsequently upregulation of hypoxia-inducible factor (HIF) pathway. [3] Histologically, RH consists of capillary-like fenestrated vascular channels surrounded by "foamy" stromal vacuolated cells. [4] RH may be classified as extrapapillary or juxtapapillary and their size may vary from few hundred micrometers to few millimeters.
While a large RH with typical dilated feeder and draining vessels may be easy to diagnose, the clinical features of a small RH may overlap with several entities (macroaneurysm or intraretinal hemorrhage). Fundus fluorescein angiography (FFA) provides valuable information in such cases and may aid in the diagnosis. Typical FFA features of RH include prominent early hyperfluorescence that persists till late stages and is often associated with leakage. [5] Importance of early diagnosis lies in the life-threatening nature of VHL disease and management of retinal lesions, which can lead to vision loss if left untreated. [6] Widefield imaging refers to the field of acquisition of 100° or more in a single click. [7] Ultra-widefield fundus fluorescence angiography (UWF-FFA) can capture up to 200° of the retina in a single click. The advent of UWF-FFA has helped in the diagnosis and management of diseases affecting the peripheral retina. [8] The role of UWF-FFA has been established in several vascular disorders such as diabetic retinopathy, venous occlusions, Coats' disease, Eales disease, and even in macular disorders such as Stargardt disease. [9, 10] Our study aims to report the retinal vascular features of RH with the help of UWF-FFA.
Methods
It was a retrospective, cross-sectional study of consecutive patients with RH presenting to the retina clinic of a tertiary eye care hospital in urban India from the period of March 2016 to August 2017. The study was conducted in accordance with the Declaration of Helsinki and adheres to the tenets of institutional research guidelines. Informed consent was obtained from all the patients. All patients with RH in at least one eye and having media clear enough to provide good quality images were included in the study. The patients with an inability to undergo FFA were excluded.
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Evaluation
Detailed history was obtained, and all patients underwent clinical examination involving best-corrected visual acuity, slit-lamp examination, and indirect ophthalmoscopy. In addition, neurology, endocrinology, and gastroenterology review was done for assessment of systemic features of VHL disease. Any history or clinical evidence of undergoing prior retinal laser therapy or intravitreal injections was noted. After obtaining informed consent, UWF-FFA (Optos TX200; Optos PLC, Dunfermline, Scotland, UK) was conducted with the acquisition of the pseudo-color image and early-, mid-, and late-phase fluorescein angiography images of both eyes.
The UWF images were analyzed and assessed to identify the FFA changes. The RHs were studied for their number, size, and location in the retina. The retinal vasculature was studied for the presence of vessel wall changes and the presence of telangiectasia. Capillary telangiectasias of the brain have been defined as irregular clusters of dilated capillaries intermixed with normal brain parenchyma. [11] We extrapolated the same definition as retinal capillary telangiectasia to define the new finding of a cluster of dilated capillaries seen in the peripheral retina. The capillary network was studied for leakage and abnormalities if any. Macular changes were studied for any exudation, leakage, or ischemic changes. The optic nerve head (ONH) was studied for involvement with RH and disc leakage.
The observational data were tabulated using Microsoft Excel. Statistical analysis was conducted using EpiInfo Version 7.2.2.2, developed by the Centre of Disease Control and Prevention, Atlanta. Tests applied include Pearson's correlation coefficient (for the extent of the abnormal capillary network (ACN) with number and size of RH) and T-test (for the association of capillary leakage and capillary telangiectasia with number and size of RH).
Results
Twenty-four eyes of 13 patients were analyzed for the UWF-FFA changes [one patient had phthisis bulbi in one eye (phthisis occurred after open globe injury in childhood) and one patient had unilateral involvement with RH]. There were nine males and four females. The mean age was 28.4 years (range 19-38 years). Evidence of prior laser photocoagulation therapy was seen in five of these eyes. None of the eyes had received intravitreal antivascular endothelial growth factors or steroids. While bilateral involvement was seen in 9 of 12 (75%) patients on clinical examination (one patient being one-eyed was not considered for bilateral affection), UWF-FFA revealed bilateral involvement in 11 of 12 patients (91.7%) [ Fig. 1a -d] (small RH could be picked in two additional eyes). Nine patients underwent systemic evaluation for VHL disease and five of these (55.5%) were found to have features of VHL disease.
The number of RHs in each eye varied from 1 to 16 (median of 3.5, mean of 5.13 with standard deviation of 4.12). The total number of RHs identified in all 24 eyes was 123. The size of RH varied from 0.1 to 4 disc diameters (DDs). The most common affected quadrant was inferotemporal (83%), followed by superotemporal (67%) and inferonasal (63%).
The UWF-FFA showed prominent early hyperfluorescence in all lesions of RH. While the intensity of hyperfluorescence increased with time in all cases, the size of hyperfluorescence increased only in 108 of 123 RHs [ Fig. 2a and b] . Blocked hyperfluorescence was seen in cases with subretinal exudation (7 of 24 eyes) (29.2%) [ Fig. 2c ]. Exudative retinal detachment (RD) was seen in 3 of 24 eyes (12.5%). The RD was total in one eye and partial in two eyes. RH involving the ONH, showing an increase in size and intensity of hyperfluorescence, was seen in only one eye [ Fig. 3a and b] . ONH hyperfluorescence in the absence of ONH involvement by RH lesion was seen in 7 of 24 eyes (29.2%) [ Fig. 3c and d] .
The feeder arterioles and drainage venules of the RH were dilated and tortuous [ Fig. 4a ] when the size of RH was more than one DD in size (34 of 123RHs were more than one DD in size). Veins were always more dilated than arteries. The origin of these feeder vessels was from the same quadrant as the origin of RH. The feeder arterioles to these RH showed bulbous projections (8 of 24 eyes) (33.3%) [ Fig. 4b and c ].
An ACN was seen in the retinal periphery in 22 of 24 eyes (91.7%). This abnormal network showed the presence of a well-defined but sparse capillary network with the absence of a typical fine capillary network between these capillaries [ Fig. 5a-d] . The posterior extent of such capillary abnormality was usually limited till equator (18 of 22 eyes) (81.8%). The extent of retinal involvement by capillary network abnormality ranged from 1 to 12 clock hours (median of 6 clock hours of the retina being involved by ACN). The extent of ACN did not correlate either with the number (Pearson's correlation coefficient: r 2 = 0.00) or the size (Pearson's correlation coefficient: r 2 = 0.03) of the largest RH. The ACN was not always in the vicinity of RH and was noted to involve retina up to 1 to 6 clock hours away from the RH [Fig. 5e ]. ACN was seen even in the paramacular region in two eyes [ Fig. 5f ].
The capillary leakage was present in 15 of 24 eyes (62.5%) [Fig. 6a, b , and e, f]. This leakage was localized to the peripheral retina. The capillary leakage was located 1 to 4 clock hours away from the nearest RH. The presence of capillary leakage in a particular case did not correlate with the total number of RH (T-test P value = 0.15) but showed significant statistical association with the size of the largest RH (T-test P value = 0.01). The capillary leakage was also not associated with localized exudates or subretinal deposits.
Retinal capillary telangiectasias were noted in 7 of 24 eyes (29.2%) [ Fig. 6c-f] . These telangiectasias were located in the retinal periphery and located 1 to 3 clock hours away from the nearest RH. The presence of capillary telangiectasia in a particular case did not correlate with total number (T-test P value = 0.10) or the size of the largest RH (T-test P value = 0.48). The telangiectasia, when present, corresponded with areas of ACN.
Macular leakage was noted in 5 of 24 eyes (20.8%), with the size and intensity of hyperfluorescence increasing from the early to late phase [ Fig. 3b] . The presence of macular leakage correlated with the number of clock hours of the peripheral retina demonstrating ACN (T-test P value = 0.02). The presence of macular leakage did not correlate with the number of RH (T-test P value = 0.31) or the size of the largest RH (T-test P value = 0.46) in the affected eye.
Discussion
FFA is an indispensable tool in the diagnosis and management of RH. [12] Welch RB first described the FFA features of RH. [5] The typical features of RH on FFA include rapid and intense hyperfluorescence that persists or changes to late leakage. [5, 13] Though prominent afferent vessels to RH, hard exudates, and leakage from the optic disc (when involved by RH) have been described, [13] peripheral vascular abnormalities and capillary nonperfusion have been described infrequently. [14] Even in cases with macular exudation due to extramacular RH, macular leakage on FFA is uncommon. [5] UWF imaging using Optos (Optos PLC, Dunfermline, Scotland, UK) was described nearly a decade ago. The applicability of this technique in the management of peripheral retinal diseases is well-established. [15] UWF-FFA has revealed novel lesions in pathologies such as diabetic retinopathy, vascular occlusions, Coats' disease, Eales disease, and Stargardt disease.
[10] However, UWF-FFA in the setting of RH has been described infrequently. [16, 17] It is known that FFA may be able to pick RHs which are otherwise undetectable on clinical examination. [12, 14, 15] In a recent study by Chen et al., UWF-FFA may be able to pick even peripheral RH, which could be missed on conventional and seven standard fields of FFA [ Fig. 1a-d] . [17] In this study, we could detect RH in seemingly normal eyes (2 of 24 eyes). UWF-FFA may thus be used in the screening of these individuals as the risk-benefit ratio of performing FFA outweighs the benefit of early diagnosis of VHL. [6] However, high cost and limited availability of the equipment are major issues.
The observation of feeder vessels indicates increased blood flow into the tumor. The dilatation of vessels correlated with Fig. 1b-d ]. An important observation in this study was the presence of bulbous dilatations of the feeding artery. This may point toward adaptation of arteries to the increased blood supply demand from the RH and may aid in the differentiation of feeding arteriole and draining venule. Identification of arteriole is of paramount importance for laser treatment, as accidental laser photocoagulation to venule may lead to occlusion of venule and subsequent hemorrhage from the RH. [18] We observed a novel finding of ACNs in association with the RH. The ACN consisted of dilated capillary vessels and loss of perfusion in the intervening capillary bed. This may be explained by the "vascular steal" phenomenon where the RH draws the major portion of blood inflow into the affected retinal region. The similar capillary bed abnormalities have also been described in cases of arteriovenous malformations where steal phenomenon is well-known. [19] Though Shah et al. have reported the similar findings (occurrence of terminal networks, the absence of details of the capillary bed, ground-glass hyperfluorescence, and microaneurysms) in the normal peripheral retina, these findings in their study were restricted to the retinal periphery and were uniformly distributed in all clock hours of the retina. [20] The ACNs in our study, however, were predominantly located around the RHs and were seen even in the postequatorial retina.
Pan-retinal affection has been hypothesized in patients with VHL disease even in the absence of RH. [21] The effect of pVHL on the retinal capillaries outside the RH is unknown and we hypothesize that it may also contribute to this phenomenon. The ACN may exist even in absence of RH, as demonstrated by the presence of large ACN in the fellow eye of a patient with RH [ Fig. 4b and d] . In addition, ACN was observed in regions of the peripheral retina up to 6 clock hours away from RH whose size was less than ½ DD. These observations support a more global effect of pVHL on the entire retinal vasculature.
Furthermore, these ACNs may indicate areas of relative ischemia in the capillary bed. Pulido et al. recently described a case of RH in VHL with peripheral nonperfusion with the help of UWF-FFA. This correlates with previous studies which a possible therapeutic target to preserve ocular function in patients with VHL disease.
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All authors certify that they have no affiliationswith or involvement in any organization or entity with any financial interest (Such as honoraria; educational grants; participation in speakers' bureaus; membership, employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge or beliefs) in the subject matter or materials discussed in this manuscript. show role of hypoxic stress in the formation of RH and vascular endothelial growth factor as the key mediator in the expression of ocular VHL disease. [22, 23] Another observation was the presence of vascular telangiectasia. They were seen as focal dilatation of the capillaries and were associated with areas of ACN in all the cases (7 of 24 eyes) (29.2%) [ Fig. 5c-f ]. Retinal capillary leakage was seen in 62.5% of eyes. All these eyes had concurrent areas of ACN exceeding 6 clock hours and RH more than one DD in diameter. These indicate an attempt by the vascular bed toward angiogenesis in the presence of hypoxia. [24] The consequent VEGF production results in leaky capillaries [ Fig. 5 ].
Conclusion
To conclude, we report novel angiographic features of RH using UWF-FFA. These include the presence of abnormal peripheral retinal capillary networks (91.7%), capillary telangiectasia (29.2%), and capillary leakage (62.5%). This adds to our understanding of the pathogenesis of RH and provides
